A genetic algorithm-based protocol for docking ensembles of small ligands using experimental restraints.
A genetic algorithm (GA) based method for docking ensembles of small, flexible ligands to receptor proteins using NMR-derived constraints is described. In this method, three translations and rotations of the ligand and the dihedral angles of the ligand are represented by binary strings and evolve under the genetic operators of cross-over, mutation, migration and selection. The fitness function for the selection process includes distance and dihedral restraints and a repulsive van der Waals term. The GA was applied to a three-atom model system as well as to the streptavidin-biotin complex using simulated intermolecular distance restraints. In both systems, the GA was able to obtain low-energy conformations when only a single binding site was simulated. Calculations were also performed using distance restraints from two distinct binding sites. In these simulations, the GA was able to obtain low-energy conformations corresponding to ligand molecules in each of the two sites. The inclusion of additional ligands in the ensemble did not result in an energetic benefit, confirming that only two ligand conformations were necessary to fulfill the distance restraints. This method allows for a direct investigation of the minimum number of ligand orientations necessary to fulfill experimental distance restraints, and simultaneously yields detailed structural information about each site.